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(54) SEMICONDUCTOR UGHT-EMITTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce contact resistance, and the 
operating current and operating voltage of a semiconductor, by providing 
a transparent conductive film that uses one or more kinds of metal 
elements that are mainly made of indium(In). at least one kind of halogen 
element, and oxygen(O) as composition elements. 
SOLUTION: A transparent conductive film 1 7 is constituted of one or 
more kinds of metal elements that are mainly made of indium(In), at least 1 5. 
one kind of halogen element, and oxygen(O). The metal element may be 15- 
only one kind made of In or may contain other metal elements in addition |* 
to In. In this case, it is required that the atom ratio of In for the entire 
metal element should be set to 0.5 or more. Zinc(Zn) or tin (Sn) can be 12 
used as the metal element that can be added to In as the metal element. 
For the first transparent conductive film 1 7. at least one kind of the 1 1 
halogen element and oxygen(O) are used as composition elements in 
addition to the metal element. 
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(54) [dfiiiqt^i&li:] 'NI^^^S 



(57) mm] 19 

[^^S] pMc7?iii;^^b!|^(citLT. -Y^'v^^i' 

A (I n) ^±t-rii-meLt<D^^t. 'pf^< t 
-h-^n^^^-^i^yimt. ^ (o) ^m^^mt 
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7::^->A (Hf) s i'l^i'^V (Ta) . ^/^/V-h (C 

o) . b-^-vx (B i) , 'mi-^-^^:y (Mn) 
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(In) %:^t-r^-^mi<D^Emjzmt. 'pfi< 
nm^iTi^i\:mm lo 

IJ'A (In) i:-rr (Sn) (O) i:^^ $ 

^^'^ (Ti) . -ryv?^7i^ (I r) . -f-ybu 

(Y) . ^DA (Cr) . SeiS (Zn) . v>/V3:^ 
(J'A (Zr) , ^/A (Hf) . ^-y'^lV (T 

a) , =i^-?yPh (Co) , (Bi) . JSlO*^^' 

;^>- (Mn) ;d^ib''£5.lf J;'3jaR$3xfc^i'V^< 

[000 1] 
[0002] 

[t«fel5cOS^] DVD (digital versatile disc) \Z.{X 

:)J^)^J^ (GaN) ^cm$i^5^Il^^t^{4. 

[0 0 0 3] *iSlCioV^-C ^lU^imi t 

(i. I nyA 1 a <i^„-y-^) N (O^xgl. Og 
y^l, O^z^l) (751 I I-vm^^f**^ 
$fb(c. Vl^Tc^ir LTfi. NlcJp^Tyv- (P) 
(As) /'j:<if^W-t-5Jg#H'b^^<7>i:-r5o 
[0004] 40 

[0 0 0 5] ^fetc. iiii^^tii|*iS:fflv>fci|i««^^ 
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f^ffl-r-5^T';*:®Wt-nS<^*flSJ*^rU pM(75llI 
[0 0 0 6] RHftB^L^::*^!^^"?, Ul^im^ 

[0007] :^%m\±f>^*^^Wm(r:^iZ.m^ NT'fc* 
[0008] 

im^ft^i-i. pmo:>ui^i\:imt. nm(ojutm 

immt. m&pmn>iii^imm\^mA\.xm\^h 
^^i^fj^ (In) ^±t-r^-mmi(D^Mdm 
'pf£< th'^(D^^^^>7imt. ^ (o) 

[0 0 0 9] :ir.T\ ^Ma^J-^^-^E^Ji, pMiii:^^!: 

h^*{ST$*. ^^mm^» 

yV5t^fi. ^li'i'vv^^'AcT) (10 0) fficoi^|^^^s 

[0 0 10] F^tS^j t LTfi. ±3$ bfcZ 

n. S nJi^l.^l'iC't), T/W?— (Al) . TV^V 

(sb) . ;{fyi?A (Ga) . ^^'v (Ti) . ^y^m 

(Si), v^/Un^i-J/A (Zr) , >ryW::^>^7A (G 
e) , -'<-ri^<:7M. (V) , (W) . ^ViS' 

V (La) s yUx=i[?A (Ru) ^7c:3^V^•ft^>0U 

[0 0 11] :2^^P^(7>#i»f*5g3iiagefi. pMro 

uiwmmmt. nmmummmmt. Bfft5pM<^ 

in;^^l^«(c^LT^(tf>tv f'xi^^'A (I 

n) ti~r (Sn) i:®^ (O) ^hiZ^ ^ 

9)y (T i) . -ry v^^J'T^ (I r) . hy !i7A 
(Y) . iJ'oA (Cr) , (Zn) . i?/U=i::^e'A 

(Zr) . /^y=^^J^ (Hf) . ^J'V^/V' (Ta) . 3 

(Co) , t';x-^;^ (B i) , WJ-^^yU^y (M 
n) /i^^7^^2>lf i; '9j®J^$nfc^>^<e< i t^^iT^SsJp 

[0 0 12] -tfa^^. z.^hfrym'^diM^'^vs:^^^ 
i:trj;i9, -fVi^-^A (In) . ® (Sn) i3j:U^ 
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(o) (D?^^mf$jm t -r^^mmmx ^i,p m.<Du 

[00 13] 

[0 0 14] :^Wn\zJio\^xm^<^^:Liit^X'^^Wnm 
[0 0 15] S-f. *^?qiC*5V^TfflV^5Clir:65T'^5 

^l^Dffi®(^l^^»«i^cov^-cl^^§^-r5i:. 

^«Sf*. -rvi^!?^ (In) %3fei:i-5 l«KiJi<7) 

i:. (o) J t^mfmmt-r^. 

[0 0 16] :L}riP:>(rmjimm(Oohff> ^^moUMi it 

I nCO^^HBS-CfcoT^siV^U I n{C*DXLTftfe(7> 20 

JR(^^-l::??|-bT I n;i5Lfc5i®^=-W2S^0. SRhTfe^S 
:::fc*j5iii^-cfc5o coi ncoJl^-ttrr'fet?^ (in 

[00 17] r^«5c*J ^rU-CI n^c^JP;t5ri::^5T• 
#5^5umi: LTtt, (Zn) *fc{4>^X (S 
n) ^mf^^Ltt^X^^o ^4^f5»7^^(;5^D(;lJ;o 
X. pM(^lli;^^l^}c^S3V^^ h^^^T 

m^::mmmmnwffmmiim%:'&rir^^t so 

na>^^\Z.nt^ I nCOJ!i;^J±rr5^C^5*3 In/ (I n + 

Zn) S:0. 9eU:i5|5?Si:i-5;it^sa*U\ :i<^ 

•^V I n (DB-^Vc In/ ( I n + Z n) 

t^o. gmiiTlem^feHfS. Zn(Dm\AzmSrt^'i^ 

i^<^^»«m*#a::<i:;i5T-^5„ $ibfc, I no 
M^tt:-r?iCi:>*> I n/ (In + Zn) SrO. 9 101:1 
*^i:-rSi:S^L<. o. 93m^\^t-t^:Lt 40 

[0 0 18] — :*r, r^HTc^j I nlc*D:lTS 

n^m\st^m^ ^^mKisn^ i noji^^jt 

ttetJ-^I n/ (I n + Sn) (40. 7 OJJi,_h l^gli 

5, $P>JC. I nnmi-Vottiiiy^l n/ (In + S 
n) SrO. 7 5^Xtl^t-r^Z.tt^mS.\.<. 0. 
8 0 £JLh 1 t -r 5 i i: U >o 

[0019]— :fer, r^^fel^T^j i: LT I ni^WWcZ n 50 



#Fj^ 2000-5891 1 

4 

S n(7>iS):*-^^Pt-5^f4. SB>^i»WHci3{t?) i 
n(Dm.'i'it-t^ityhln/ (In + Zn + Sn) (40. 
5~0. 9 7-C\ SnOJUT-it-f-J^-^t^Sn/ (I n + 
Zn + Sn) (40. 0 2~0. 2 5t?. ZnO:>!^.^itt 
jfeiP^Zn/ (I n + Zn + Sn) (40. 0 1~0. 2 

5i:i-5:ii::4sa*uv\ i ncom^f-ittio. s^mv 

^4@^k-Y^^v='>i^<7)gflr&H•4;aHg;T•t•5o Sfc. Sn(75j© 

•?-itJ55 0 . 2 5 -5 1 . is^mL<^mmmi 

m^:itt>^icfj:^, $b(C, ZntDjg^itasO. 2 

[0 0 2 0] ZntSn(Dm^^W}\rf-^^\aX I 
n»p;T-it-t-^<e;b*jI n/ (I n + Zn + Sn) ^0. 
7 0~o. 9 7i:-t-5:ii:;a5^6>(-a*L.<. o. 7 5 
~0. 9 7 ir-r5ri:;6S#(caSLV\ ^fc. SntOll 
^•ItSn/ (In + Zn + Sn) (40. 0 2~0. 20 

t-r^::tib^x^m^v<. 0. o3~o. ist-rs 

^i:*^t(-aSU\ ^LTs ZnCr>m^=-JtZn/ (± 
dfe^-7-= I n + Zn + Sn) (40. 0 1~0. 1 5 t 
i-^:ztAiX'om^l'<. 0. 0 1~0. Ift^^Lt 

[0021] *^0^(csov ^Tffl V 1 (/y^mmm^ 

mm-^ r^)R5E^j i:LT(4. ±5BUfcZn. SnliX 
^m-'b^ T/L'$=ie'-^ (Al) . TV^V (Sb) . 

(Ga) . ^a'^^ (Ti) . (Si) , 

v:/Ur3:r^r>A (Zr) , y/L-vci^'^A (Ge) . ^<■:^v? 

(V) , ^V-i/xxV (W) . (La) . 

/WT'r^.^A (Ru) ^<D5E;m(OVN-rin.;5^1^*fc(4^ 

[0022] ffiu I n&J^^ivh(r)WimM(r^i^ 
(4, 0. 2OT<t-r6C<i:;65a^u^o ^nS^<^j!^^- 
a^j:i:>h iVSmtm) / (^^Wm-T-) >550. 2 2r® 

[0023] :4:«0^(C*3V >TfflV ^;5|I 1 CC^J*«BI 
(4, -ha^bfc r:^S5c*j (^P5i^=£-^, ) 

(O) J i^^^)?^mi:-r5o ^M3yv5E*(4. pSlI 

fc. ^NDyv7E^(4. ^tH'Vv?!J'AO (10 0) SCO 

5, ^M3<^V^(DA|i^^iJi:LT(4. -^i/m (F) , 

^ (c 1) . (Br) . ^ (I) mm-fh^ 

5o (F) ^fflv^5::<^;S^M* 

^t:-rvv='J'A(7) (10 0) fficoBEjfi]*^i**5 
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0 0 1-0. 3t^j:?)Xoicmwr^:it:Am-£V^\ 

r«oj^-7-tb6>o. 0 0 (1 
0 0) mffm^m*^isi\,^^msm:mic< < ti:^^ 

14:140. 0 5~0. 2-Cfc5o 

±m(r>imi'XK). mt-4>i^'> j^(D doo) m 

[0025] m^. *^?^icjoV ^Tfflv ^5 :i t ;a5-egr 5 

{4, d'V'S^-J'A (In) (Sn) i:. ri^fe>^ 

^1^m»D5?;mi:. ^ (O) i:Srtt/5g7E^i:U StrlBSs 

t-t^o ^^-r^. frnWyimi tL-Xit. (T 
i ) > y v?-? A ( I r ) . 'J'i^ (Y) . n 

^ (Cr) . (Zn) . v'/P3:^>>A (Z r) . 

•7=!>A (Hf) , ^^yiff\^ (Ta) . (C 
o) . t';5^-v;^ (B i ) . ^l^^l^ CMn) d^ib'feSi* 20 

[0026] *^?^l^fcNt5ll 2 

iCl^WM^m. ■t^£t>h.. 'T^-v^^'A (In) ,1;. ^ 
(Sn) t. (Ti) . 4Vi^<>J^ (It) . 4 

s/by^7A (Y) , i^DA (Cr) . »^ (Zn) . 

/W=!c:iij7A (Zr) . /n^— (Hf) . -^l^^/U 
(Ta) . (Co) s t-:?i->';^ (B i) iSXXI 

■^ly:^^ (Mn) t^hfi:^mi^'omi^f\.tL'pt£< fh 

?a#3fiT'CDtt}g^5i»5 1 0-3~l 0i°Q • 

m>b¥J^#6t)/jH4«^^o in<4. mx.\i. 

SHuUm^ (1^A/7ia^; B • yjifitb ^2 0 8~2 

0 9Hf'l^$n-t>/^-5» 

[0 0 2 7] ^mmm^n^Khfz-^ 

T. -YVv^-^A (I n) . ^ (Sn) (O) 
m^mUt^:Ltic2:iO. ^'>'v?^'A (In) , ^ (S 

n) *5j;o^ (o) <D?^>s:m^5mt-r^immmm 

fetSr^fSr-rs r t tix^ ^:it ^^ta bfco 

[0 0 2 8] ^(Dt^. j^d^mmmwrn^womm 

(I n) . ^ (Sn) ioiO*^ (O) 

(7M\cT/u^=^->j^ (A 1) ^^jr^^m (Si) mit 

7f^5tm (A 1 z03<r>imidm.l X 1 0^20 • cm. s 

1 02<75tt:}an:(41 x l O^iQ ■ cm) ^m^^jimtir 
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[0029] :i<DtzA. NTfflV 2 

[OO3 0] :i(7^^^M4. ^(D'^^^xo:)-^ 

^<rmmwm±. (d (2) -rv-v^'^Age 
(rmmt(m^ {mn^w<^mn) . (3) -rv 

^Mjimrymmtnmm. (4) JiIE O) wig^ 

[0031] $ ^7m<mm^nr^wi\sxm 

(n>m^itrri-£t>h mMTiM) / (In + Sn+)^P5c 
m) ^2~50at% a^^-^-^—- b>'h) i:-t-5)r.<i:;45 
L.V \ $ ^IC, ^^PTt^coi^^M:^ 1 ~ 4 O a t % 

[0 0 3 2] r<Z)S?^3*fl^4. 2 00nmJf:T'<;5"5Jti 

%(r>^m4j^m^^^°/^j±.x^^(r>x. ^(Dmm=s:2 

O O nm|^ATf-i-6Cl ifC± (J , ^^^i: bT^fii 

2 0 O n m S:Sx?> t < ifc 13 , 

«j§*<7>^g:T«t?>t^/J:VV fli)?;i5i2nm 

1 2~2 0 0nmi;-r-5^i:yOSM^U^o 

[0 0 3 3] ir-e. mu7i^ffy!^^<Dmf-it(DTmSi 

^1 a t%lcI5S^5SS{4. ^^^^tt;asl a t%* 
t?§c^Ji»mTi4pS<7>IIIi^^t^{dy-LT. -H> 

[0034] ^fc. a^^D5£mcOjmT-tt2)5 4 0 a t % 
*ex5:@^2*flBi-Ci4J±1g*fW5 2. 0 X 1 0-iQ • c 

m^a;t. mnmmm!Mmymm^±^L.xi.^^. l 

|5Rf|t^4 0a t%lC|5S^-r6o ::n^comftB5n*<0^ 

[0 0 3 5] ;g§qiSt^tC:fc(t5-^^i^f>i=> (I 

n) (Dm'f-itlnX (I n + Sn+^^JBP;^-) jSitjf 

^ (Sn) COj^-T-ttSn/ ( I n + S n +:^;&)U^^) 

^./O^^j. Sir#75560~95a t%. ^#;0i2. 8~20 
a t%-C*>5ri:d^SL<. S(r^S6 0~9 0 

a t%. 1^#>6S3. 0~15a t%Xh^:ittitii-'^l. 

[0036] ±aiLfci®^igli^=» V^' iJ' h^5iJ4. 
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[0 0 3 7] &MmvtzmiRxM2(7>jmmmm 

-fay -yy^m. i^/u^^Vufe. ^ y-mm 

[0 0 3 81 ^^<y^ V i^i^mcxox±m(7>j^m-m 

[0 0 3 9] ^(ry^^^—^yy\±. gwt 
■rw.^««m^#^55s^»9^<^)®^ (o) ^m- 

v^'i'A (In) . m> (Sn) . ^^'V' (Ti) *3J;0<^ 
m (O) S:»^!c5cm<t-r?>>b<OT-feS»^tC}i. iffef^i 

So 

[0 0 4 0] *-f. m\L-^yV'^j^-^fz.\-im^\z.xr)m 

^-f^i>e7A, ^^^y^yfpJ^^ im»iYA^y'y>^J^ ■< 30 

ift^-5o ifJcV #e>ixfc?gf^Sr 500~1200 

— /K v=3i •> b 5 yi^-rl&y^: L-T. &rf-m^ 0 . 0 
1~1. 0 umCDHmf^X-A^^^^fDm-otdllii^^m 

0 — 8 0 0°C-CS7C*Oa*MLTt,J;V\ i£:>g{' 

DfsmMu mm^ 8 o o~ 1 7 o o°cx-m^?>o 

[0 0 4 1] ±^l.t=m^^~^y h^m\>^X(D:^y< 50 
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y-f^U^^iX RF :^y<y^V>'y. DC 

(iSi© :^/>°y^y>'^^^tcj;t3tT5^i;25^T'#5>65. 

W^ai-«^l*)^cDcx/^°s/^5'y :/i/>aw*L-v\ dcp*. 
[0042] -rtct>-^. ^ y >-i/#is^ir/L'=i' 

ttlX10-2pa~5Pa@a. ^J'-y?' 
CfefeOTII) {±1 0 0 0V*j^t-r5„ 

[0 0 4 3] Sfc, ^'-yy hff^jpflffi OiJtmilBt) 
10 0 0 Vi^U:T♦{^^«C'■^S:/7X■^^cJ:5yy— 
^~^yhmm± Otwsffi) (d»^v\^^ 

8 0 0 V^SS. * blC^fiF* L< {45 0 0 V^MXh 
[00441 JJE(^^®q^C«fei^^5te5^^«e^ 

m^^w<&<^^^^m^-t^z.iL\^x.^x.. fcsv^d 

[0045] 

tJae^-rso mi {4. *^§q<^ie)SMcM*p5^7fe^v 

(light emitting diode : LED) (rWSlS^^ 

^-rKfffiln-efeSc lil4'iitti^y'T-i'7'^-C'fci9. 

1 2J4nSGaN=i>-^^ hg. 13f4nMAiGaN 
rJ'^i/K^, 1 4{4GaN/l nGaN/GaN75^e>?^^ 
^Mrm-rmXh^io 1 5 {4 p ® A 1 G a NW^W^ 
1 6 (4pMA 1 G a Ni^ ^ •> K/i. 1 7 ni^m- 
WS^Xh'O. 18. 19J4^:tu^*tU nlMi: pflijcofl^^ 
Xh^o @Wi»®!gl 7i:L-Cf4. ifriiEUfclg 

[0046] #¥i^«s:g<7?^J?!cftf4MOCVD (Meta 
1-Organic Oiemical Vapor Deposition) ^ffiffiUTV'* 
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[0047] M7<fS7.\t^ 9 7Sa%A r + 3 a4%0 

0. 2 A. ^Jj1«EE40 0V. /<>j?;/7'>VKEE;'3 

5. oxio-*Pato^4^'i*S$i±fco ;=;^<-i'^{c:5fe 
/cot. 5^^cD-:fu:^y<'y?^r^\ :^y<y?BEJl 

1. 4X10-iPalC*3VNT4$^.g;^>'<2/^'^||)5£U 10 
fee ^^T\ SKIlte5iSf^6rpmi:U »tg*Klfi 

[0 0 4 8] '^(^fvrz^mwmom'mmt 

fi, ^¥:rvX^?§3t^>3fe5>«f (ICP) fcioxau^ 

[0 0 4 9] «gWii«|Stgm'0V>T. iS:&5 

5 0 n mro^o;®g***fefCo ttdg^TiJA^S^) 1 . 8X1 
0-3Q . cm. ^^®g^d3^8 8~8 9%cr^gW!*^ 

[0 0 5 0] i.'ETxnmi^m^imJiai^ —Wt 20 

[0051] ^■mmD^%^-^ Kcom«E#l4 

0. 5VRh. iLh±A^'om±Am'P\^tz.::itt^m^ 
HfCo Sfc. iEt!l«gS2 0mAtC*3lt5^fl2. 7V 
T'fc<9. ^^5ltJ;^)'blVigV^KJM±i:;^j:ofc„ -tT^Ct? 
•bs ^^B^lCitKi. p«C^>^igfl^l 7^KftS^ 

[00 5 2] 02 (a) (b) f4. :*:^^c0^2(^ 

-#Tfe^5-t>. 1110^2 i{4-y-:7r^T®KT'fei?. 2 2{i 

nMGaN=iV^^' 2 3«nSg|^ (77^7 
/V) ^SA 1 G a N ^ ■> Kg. 2 4 iir V K— a 
NjfcV'l' KJi. 2 5{il nGaN/'l nGaN;5="?jJiC?) 
*?#F^T?fo5o 2 6H:pMGaN3fcJ/-Y KM. 2 7 40 
fipSAl GaN^J'^S' Kg. 2 8{4lSa5tpMl nS 
n Z n O^J*«^=> mX'h^. :Sfc. 2 0 

1. 2 0 2tt-e*veH. n{iIi:pftlJC0«g-Cfc5o 2 1 
0(4. ^^mii(C?iM$tv^dg^^«ii-C-fc"3. Ga 
Ne2 2i;A 1 GaNg2 3 t(r>^'r ^^OM^Z.^^ 

filJi-^ctfsixTi/^So ]g^!^«^2 8{±. ci::-m^2 

(?>gw»«i^tciK^-r5o ^^T\ ^mmm2 1 o 

tt. Bfra!Lfc^l<^^iSflM^:^2(;>gp^#W;5V^ 

■m^fflV^Tt^V^o Sf::. 02 (b) fC^Ufci? 

fC. ^^!^ca^2 1 Ofi. ®<^rtg|5{C^{te>tl-TV>T'b 50 
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[00 5 3] ^wm(r^^mmocvD\z.x.'or{ 

5o {aU nSGaN^2 2SrMOCVDfeT^^ 

:®^i»'a^2 los-x/N-y^feT-iifSu -?:<5:>^. 
w^«R2 1 o^/-?^'-=^>'i5'LK7-r^s'^Vi/-e& 

:|^^S:?i^J5)cL.^Co ^c7>B#. nSG a NM 2 2 (7)-a5^ 
3>^s/5^>-i/-r2)<, ^<75^. ^731— y^SrMOCVDSB^- 
MLT. nSGaNJl2 2(^tUg|35i-^t^i:LT. Al 
G a N^' 7 KJl 2 3 ^^'ry/^^^^^i'^-y^/i'^^ 

pS I n S n Z n Ofg^^^fl^^" ^iS' bSii. 

[0 0 5 4] ^^«Jg2 8STJ«2 10=^^lt7irVNSefe 
COij^^W-if (7> U# V MliSS^^(4> 5 ~ 6 k A/ c 

it. 1 kA/cm^ T-fet). L^V^fiteCfi. 3. 4V 

'b^OT-iSTU/fco Cinfi. p«CpSlnSnZ 

n o^mmm=^ y^^vmza ^mntc^ ticx<o=i 
«!i(cjov ^-ctJ:sBJ^»«^2 1 o ^mm-^t \CX<0. G 

aN^v^:^' hJi2 2 i:A 1 Gal<li^9 y Kil2 3 .tco 

3^^^ him.^^r^'*txm^mf^jj\^\^B\m 
[0055] :^mmmi'^\' ^Xh. V MB®!^* 

[ O 0 5 6 ] 0 3 (4. *?gB^co||3 cO^MC;S^;{i^5« 
TtiS^-Y^ K^^-t»§«ff®0T'fc5o 

[0 0 5 7] i-^^t>*>. W4ffi%p1^LEDSr*U 
0't'3 2f4nSGaN3>-^i^ hg. 3 3f4nMAlG 
a N ^' y s/ K®. 3 4 ttT > K— 7°G a K®. 
3 5 f4 1 n G a N/ 1 n G a N;6^ib'fc-&*f#^FMT'fe 
So 3 6 f4pMG a N^;tr^ Kg. 3 7 }4pMA 1 G a 
Ni^^yKM. 3 8(4{g;^a5tplil nSnZnO : CI 

3^^^ hMTfct). 3 0 1. 3 0 2f4■f■^v^'^^. nfai 

p{I!l(Omffi-C'fe'5o 3 9 {4. nSG a NSilCflM^ 

ntdmrnmrnx^^. mHmmmti.xix w^vtz 

[0058] 7^:||l^<yiJ}C*5V ^T(4. 3 2 nMG a Ngco 
— gfi^. S-f. :J'DV'1'KVPE (Vapor Phase Epitax 



lC/<s'7rS^^L.TGaNJl2 2~A1 GaN^^s/ 

am:^ L < . I n ifSrfflV ^5 ^ i: L 

V\ *fc. {S^StlpMI nSnZnO : C 1 ^i-y^i^ V 

m-imm-^. lo 

[0 0 5 9] :*:|l*£0'i)(^LEDCDflWdE#tt^fHffib 
/cl^^. *^2. 4VT'5i:*>J::;5^!9. iefei'P'bO. 6V 

fc. lESinM 2 0 mAtC*3lt -SmEfi 2 . 6 VT'fe K) . 

p{l!l(;i'lg^pSJ I n S n Z n O : C 

«l^l4;5se{c©$*v5 ,!: tc, m^m^hWit-r^ b i^T- 

(i. ^2 0°/c^{cil^v^/4^ofc;eis. 

[0 0 6 1] :2^giSfeC^iJ{C*3V^T. pffilltnffiUitC^iT/^ 30 

J; o Tll-*-|S]lCikffi ^ t t^X'^ -So 
[0 0 6 2] $e>}r, :^^gsm\^^'^X=^iyi>i/Ym 

[0063] MMm^m^ L-<yo^mm(Dm&o:> 

Ikt LTG a NSfcfiA 1 G a N^fflV ^/c^S, ^t^^ftfeO 

[0 0 6 4] *fc. »tSi;LTfflt/>:5^i:;65-C'*5*m 

^-/K MgO. ScAlMg04. LaSrGa04. 
(LaSr) (AlTa) O^^^k^crymm^miR^-. S 
iC. Si, GaN, GaAs ^^ifC02»mi4SKtlB]fll 

S c A 1 Mg 04^0»^{Cfi, (0 0 0 1) ffi. 
(LaSr) (Al Ta) 03StS<?5»^lC(* (1 1 
1) ai*fflv^5Ci:;5SM*H/\ 50 
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[0065] *fc. |ll-Sffi_h(c1S16:(om-7-**IWb1- 

[00 6 6] 

[0067] hSI5(^>5g|^<SHg;T^*5 
[Elffi»fSW<cltt0^] 

[01] :^mm<D^ffmmim^mt^v ij-a^le 

[02] *«§^(^ieiS(^^(::#5^.fb;^/y [J/Amik^ 

[03] :$i^<Dm&(mmim^mt:ifv '>M,^i.E 

[^^Ifte^] 

1 1 1^77"1'TSK 

12 nMGaNa:/^'^' 

13 nSAl GaNi^^s/ KM 

14 GaN/I nGaN/GaN*?-#FJl 

15 pSAl GaNlI^iaMfcBaihll 

16 pmA\GaJ<ii^9-yVm 

1 7 

1 8. 1 9 W& 

2 1 i^-^T-TTSlS 

2 2 nMCaN^V-^i:^ 

2 3 nM<ll*lS] !$S:A 1 G a 7 ■> K 

2 4 TV K— 7°G a N^-l" Kg 

2 5 I nGaN/I nGaNST^Fg 

2 6 pSlGaN^fe^r-Y KS 

2 7 pSAlGaN^^s/KM 

2 8 mm.pminSnzn<:m^mmm='>'^^h 
m 

2 0 1s 2 0 2 

2 10 

3 2 nSGaN^J^^^ ^g 

3 3 nSAlGaN^^s/Kg 

3 4 T>' K— 7°G a N^fe^-^ KS 

3 5 I nGaN/I nGaNi?#FM 

3 6 pMGaN^;*f-l' KS 

3 7 pMAlGaN:i'73/K^ 

3 8 mSinpMlnSnZnO: CI if hm 

3 9 T^mm 
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